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MONO DIAMETER WELLBORE CASING 

Cross Reference To Related Applications 
[001] The present application claims the benefit of the filing dates of (1) U.S. provisional patent 
application serial no. 60/387,486, attorney docket no 25791.107, filed on 6/10/2002, the disclosure of 
which is incorporated herein by reference. 

[002] The present application is related to the following: (1) U.S. patent application serial no. 
09/454,139, attorney docket no. 25791.03.02, filed on 12/3/1999, (2) U.S. patent application serial no. 
09/510,913, attorney docket no. 25791.7.02, filed on 2/23/2000, (3) U.S. patent application serial no. 
09/502,350, attorney docket no. 25791.8.02, filed on 2/10/2000, (4) U.S. patent application serial no. 
09/440,338, attorney docket no. 25791.9.02, filed on 11/15/1999, (5) U.S. patent application serial no. 
09/523,460, attorney docket no. 25791.11.02, filed on 3/10/2000, (6) U.S. patent application serial no. 
09/512,895, attorney docket no. 25791.12.02, filed on 2/24/2000, (7) U.S. patent application serial no. 
09/51 1,941, attorney docket no. 25791.16.02, filed on 2^4/2000, (8) U.S, patent application swial no. 
09/588,946, attorney docket no. 25791.17.02, filed on 6/7/2000, (9) U.S. patent application serial no. 
09/559,122, attorney docket no. 25791.23.02, filed on 4/26/2000, (10) PCT patent application serial no. 
PCT/USOO/18635, attorney docket no. 25791.25.02, filed on 7/9/2000, (11) U.S. provisional patent 
application serial no. 60/162,671, attorney docket no. 25791.27, filed on 1 1/1/1999, (12) U.S. provisional 
patent application serial no. 60/154,047, attorney docket no. 25791.29, filed on 9/16/1999, (13) U.S. 
provisional patent application serial no. 60/159,082, attorney docket no. 25791.34, filed on 10/12/1999, 
(14) U.S. provisional patent application serial no. 60/159,039, attorney docket no. 25791.36, filed on 
10/12/1999, (1 5) U.S. provisional patent application serial no. 60/1 59,033, attorney docket no. 2579 1 .37, 
filed on 10/12/1999, (16) U.S. provisional patent application serial no. 60/212,359, attorney docket no. 
25791.38, filed on 6/19/2000, (17) U.S. provisional patent application serial no. 60/165,228, attorney 
docket no. 25791 .39, filed on 1 1/12/1999, (1 8) U.S. provisional patent application serial no. 60/221,443, 
attorney docket no. 25791.45, filed on 7/28/2000, (19) U.S. provisional patent application serial no. 
60/221,645, attorney docket no. 25791.46, filed on 7/28/2000, (20) U.S. provisional patent application 
serial no. 60/233,638, attorney docket no. 25791.47, filed on 9/18/2000, (21) U.S. provisional patent 
application serial no. 60/237,334, attorney docket no. 25791 .48, filed on 10/2/2000, (22) U.S. provisional 
patent application serial no. 60/270,007, attorney docket no. 25791.50, filed on 2/20/2001, (23) U.S. 
provisional patent application serial no. 60/262,434, attorney docket no. 25791 .51, filed on 1/17/2001, (24) 
U.S, provisional patent application serial no, 60/259,486, attorney docket no. 25791 .52, filed on 1/3/2001 , 
(25) U.S. provisional patent application serial no. 60/303,740, attorney docket no. 25791.61, filed on 
7/6/2001, (26) U.S. provisional patent application serial no. 60/313,453, attorney docket no. 25791.59, 
filed on 8/20/2001, (27) U.S. provisional patent application serial no. 60/317,985, attorney docket no. 
25791.67, filed on 9/6/2001, (28) U.S. provisional patent application serial no. 60/3318,386, attorney 
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docket no. 25791.67.02, filed on 9/10/2001, (29) U.S. utility patent application serial no. 09/969,922, 
attorney docket no. 25791 .69, filed on 10/3^001 , (30) U.S. utility patent application serial no. 10/016,467, 
attorney docket no. 25791.70, filed on 12/10/2001; (31) U.S. provisional patent application serial no. 
60/343,674, attorney docket no. 25791.68, filed on 12/27/2001; (32) U.S. provisional patent application 
serial no. 60/346,309, attorney docket no 25791.92, filed on 1/7/2002; (33) U.S. provisional patent 
application serial no. 60/372,048, attorney docket no. 25791 .93, filed on 4/12/2002; (34)U.S. provisional 
patent application serial no. 60/372,632, attorney docket no. 25791,101, filed on 4/1 5/2002; and (35) U.S. 
provisional patent application serial no. 60/380,147, attorney docket no. 25791.104, filed on 5/6/2002, the 
disclosures of which are incorporated herein by reference. 

Background of the Invention 
[003] This invention relates generally to oil and gas expiration, and in particular to formbig and 
repairing wellbore casings to facilitate oil and gas exploration and production. 
[004] Conventionally, when a wellbore is created, a number of casings are installed in the borehole 
to prevent collapse of the borehole wall and to prevent undesired outflow of drilling fluid into the 
formation or inflow of fluid ficm fte formation into the borehole. The borehole is drilled in intervals 
whereby a casing which is to be installed in a lower borehole interval is lowered through a previously 
installed casing of an upper borehole interval. As a consequence of this procedure the casing of the 
lower interval is of smaller diameter than the casing of the upper interval. Thus, the casings are in a 
nested arrangement with casing diameters decreasing in downward direction. Cement annuli are 
provided between the outer surfaces of the casings and the borehole wall to seal the casings from the 
borehole wall. As a consequence of this nested arrangement a relatively large borehole diameter is 
required at the upper part of the wellbore. Such a large borehole diameter involves increased costs due 
to heavy casing handling equipment, large drill bits and increased volumes of drilling fluid and drill 
cuttings. Moreover, increased drilling rig time is involved due to required cement pumping, cement 
hardening, required equipment changes due to large variations in hole diameters drilled in the course of 
the well, and the large volume of cuttings drilled and removed. 

[005] The present invention is directed to overcoming one or more of the limitations of the existing 
processes for forming and repairing wellbore casings. 

Summary of the Invention 
[006] According to one aspect of the present invention, a method of forming a mono diameter wellbore 
casing within a borehole that traverses a subtenranean formation is provided that includes positioning a first 
wellbore casing within the borehole, radially expanding and plastically deforaiing the first wellbore casing 
within the borehole, positioning a second wellbore casing witiiin the borehole in overlapping relation to tfie 
fu^ wellbore casing, radially expanding and plastically deforming the second wellbore casing wiAin the 
borehole, radially expanding and plastically deforming the overlapping portions of fte first and second 
wellbore casings, and radial ly expanding and plastically defomiing at least a portion of the second wellbore 
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casing that does not overlap with the first wellbore casing. The inside diameter of the portion of the first 
welibore casing that does not overlap with the second wellbore casing is substantially equal to the inside 
diameter of the radially expanded and plastically deformed portions of the second wellbore casing, an 
apparatus and method for forming a mono diameter wellbore casing is provided. 
[007] According to another aspect of the present invention, an apparatus for fonning a mono diameter 
wellbore casing is provided that includes means for positioning a first wellbore casing within the borehole, 
means for radially expanding and plastically deforming the first wellbore casing within the bordiole, means 
for positioning a second wellbore casing within the borehole in overlapping relation to the first wellbore 
casing, means for radially expanding and plastically deforming the second wellbore casing within the 
borehole, means for radially expanding and plastically deforming the overlapping portions of the first and 
second wellbore casings, and means for radially expanding and plastically deforming at least a portion of 
the second wellbore casing that does not overlap with the first wellbore casing, \\*erein the inside diameter 
of the portion of flie first wellbore casing that does not overlap with the second wellbore casing is 
substantially equal to the inside diameter of the radially expanded and plastically deformed portions of the 
second wellbore casing. 

[008] According to another aspect of the present invention, an apparatus for radially expanding and 
plastically deforming a tubular member is provided that includes a tubular adapter defining a longitudinal 
passage, a tubular outer sleeve coupled to die tubular adapter defining a longitudinal passage, a tubular 
hydraulic slip body coupled to the tubular outer sleeve defining a plurality of L-shaped bypass ports and a 
plurality of radial hydraulic slip mounting passages, a plurality of hydraulic slips movably coupled and 
positioned within corresponding radial hydraulic slip mounting passages for engaging flie tubular member, 
a tubular packer cup mandrel coupled to the tubular hydraulic slip body defining a longitudinal passage, a 
plurality of packer cups coupled to the tubular packer cup mandrel for sealingly engaging the tubular 
member, a tubular shoe positioned within and movably coupled to the tubular outer sleeve defining a 
longitudinal passage, a tubular inner mandrel positioned within and movably coupled to the tubular 
hydraulic slip body coupled to the tubular shoe defining a longitudinal passage and a plurality of radial 
bypass ports, a tubular expansion cone mandrel coupled to the tubular inner mandrel defming a 
longitudinal passage having a throat passage for receiving a ball, an L-shaped bypass port, and a radial 
pressure port, a tubular expansion cone coupled to the tubular expansion cone including a tapered outer 
expansion surface for radially expanding and plastically deforming die tubular member, a tubular guide 
nose coupled to the tubular expansion cone mandrel defining a longitudinal passage, a bypass tube 
positioned within die tubular inner mandrel coupled to the expansion cone mandrel and the tubular shoe 
defming a longitudinal passage, and an annular longitudinal bypass passage defined between the tubular 
inner mandrel and the bypass tube. 

[009] According to anodier aspect of the present invention, an apparatus for radially expanding and 
plastically deforming a tubular member is provided that includes a tubular support member defining a 
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longitudinal passage, a tubular outer sleeve coupled to the tubular support member defming a longitudinal 
passage and a plurality of radial bypass ports, an hydraulic slip coupled to the tubular outer sleeve for 
controllably engaging the tubular member, one or more packer cups coupled to the tubular outer sleeve for 
sealingly engaging the tubular member, a tubular inner sleeve positioned within and movably coupled to 
the tubular outer sleeve defming a longitudinal passage, an annular longitudinal bypass passage, and one or 
more radial bypass passages, and a tubular expansion cone coupled to the tubular inner sleeve defining a 
longitudinal passage having a diroat passage for receiving a ball, an L-shaped bypass port, and a radial 
pressure port including an tapered outer expansion surface for radialfy expanding and plastically defomiing 
the tubular member. 

[0010] According to another aspect of the present mvention, a method of radially expanding and 
plastically deforming a wellbore casing positioned within a borehole that traverses a subterranean 
formation is provided that includes positioning an outer tubular sleeve and an inner tubular sleeve 
comprising an expansion cone within the bordiole, wherein the inner tubular sleeve is movably coupled to 
and at least partially housed widiin the outer tubular sleeve, injecting a fluidic material into Ae inner and 
outer tubular sleeves, coupling the outer tubular sleeve to the wellbore casing, and extending the inner 
tubular sleeve out of the outer tubular sleeve into the wellbore casing to radially expand and plastically 
defonn a portion of the wellbore casing usmg the expansion cone. 

[001 1] According to another aspect of the present mvention, an apparatus for radially expanding and 
plastically defoming a wellbcHe casing positioned within a borehole that traverses a subterranean 
formation is provided that includes means for positioning an outer tubular sleeve and an inner tubular 
sleeve comprising an expansion cone within the borehole, wherein the inner tubular sleeve is movably 
coupled to and at least partially housed within the outer tubular sleeve, means for injecting a fluidic 
material into the inner and outer tubular sleeves, means for coupling the outer tubular sleeve to the 
wellbore casing, and means for extending the inner tubular sleeve out of the outer tubular sleeve into the 
wellbore casing to radially expand and plastically deform a portion of the wellbore casing using the 
expansion cone. 

Brief Description of the Drawings 
[0012] Fig. 1 is a fragmentary cross-sectional illustration of a borehole that traverses a subterranean 
formation that includes first and second overiapping and radially expanded and plastically deformed 
wellbore casings. 

[00 1 3] Figs. 2a-2c are fragmentary cross-sectional illustrations of the apparatus of Fig. 1 after positioning 
an apparatus for forming a mono diameter wellbore casing within the borehole proximate the overlapping 
portions of the fu^ and second wellbore casings. 

[00 1 4] Fig. 2d is a fragmentaiy cross-sectional illustration of one of the hydraulic slips of the appmtus of 
Figs. 2a-2c. 
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[0015] Figs. 3a-3c are fiagmentaiy cross-sectional illustrations of the apparatus of Figs. 2a-2c after 
activating the apparatus for forming a mono diameter wellbore casing to thereby radially expand the 
overlapping portions of the first and second wellbore casings. 

[0016] Figs. 4a-4c are fragmentary cross-sectional illustrations of the apparatus of Figs. 3a-3c after 
deactivating and repositioning the apparatus for forming a mono diameter wellbore casing proximate 
anotiier portion of the overlapping portion of tiie first and second wellbore casings. 
[0017] Fig. 5a-5c are fiagmentaiy cross sectional illustrations of the apparatus of Figs. 4a-4c after 
reactivating the apparatus for forming a mono diameter wellbore casing to thereby radially expand the 
other overlapping portions of the first and second wellbore casings and a non overlapping portion of the 
second wellbore casing. 

[00 1 8] Fig. 6 is a fragmentary cross-sectional illustration of the apparatus of Figs. 5a-5c after forming a 
mono diameter wellbore casing that includes the first and second wellbore casings. 

Detailed Description of the Illustrative Embodiments 
[0019] In an exemplary embodiment, as illustrated in Fig. 1, a borehole 10 fliat traverses a 
subterranean formation 12 includes a first wellbore casing 14 and a second wellbore casing 16- The 
borehole 10 may be positioned in any orientation, for example, fi-om vertical to horizontal. The 
subterranean formation 12 may include, for example, a source of hydrocarbons and/or geothermal 
energy. In an exemplary embodiment, the first wellbore casing 14 is positioned within the borehole 10 
and radially expanded and plastically deformed. The second wellbore casing 16 is then positioned 
within the borehole 10 in an overlapping relation to the first wellbore casing 14 and is then radially 
expanded and plastically deformed. As a result, the upper end of the second wellbore casing 16 is 
coupled to and positioned within the lower end of the first wellbore casing 14. The overlapping 
portions 18 of the first and second wellbore casings, 14 and 16, are thereby coupled to one another 
within the borehole 10. 

[0020] In several exemplary embodiments, the first and second wellbore casings, 14 and 16, are 
radially expanded and plastically deformed in an overlapping relationship usmg one or more of the 
methods and apparatus disclosed in one or more of the following: (1) U.S. patent application serial no. 
09/454,139, attorney docket no. 25791.03.02, filed on 12/3/1999, (2) U.S. patent application serial no. 
09/510,913, attorney docket no. 25791.7.02, filed on 2/23/2000, (3) U.S. patent application serial no. 
09/502,350, attorney docket no. 25791.8.02, filed on 2/10/2000, (4) U.S. patent application serial no. 
09/440,338, attorney docket no. 25791.9.02, filed on 1 1/15/1999, (5) U.S. patent application serial no. 
09/523,460, attorney docket no. 25791.1 1.02, filed on 3/10/2000, (6) U.S. patent application serial no. 
09/512,895, attorney docket no. 25791.12.02, filed on 2/24/2000, (7) U.S. patent application serial no. 
09/51 1,941, attorney docket no. 25791.16.02, filed on 2/24/2000, (8) U.S. patent application serial no. 
09/588,946, attorney docket no. 25791 .17.02, filed on 6/7/2000, (9) U.S. patent application serial no. 
09/559,122, attorney docket no. 25791.23.02, filed on 4/26/2000, (10) PCT patent application serial 
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no. PCTAJSOO/18635, attorney docket no. 25791.25.02, filed on 7/9/2000, (1 1) U.S. provisional patent 
application serial no. 60/162,671, attorney docket no. 25791.27, filed on 1 1/1/1999, (12) U.S. 
provisional patent application serial no. 60/154,047, attorney docket no. 25791 .29, filed on 9/16/1999, 
(13) U.S. provisional patent application serial no. 60/159,082, attorney docket no. 25791.34, filed on 
10/12/1999, (14) U.S. provisional patent application serial no. 60/159,039, attorney docket no. 
25791 .36, filed on 10/12/1999, (15) U.S. provisional patent application serial no. 60/159,033, attorney 
docket no. 25791.37, filed on 10/12/1999, (16) U.S. provisional patent application serial no. 
60/212359, attorney docket no. 25791.38, filed on 6/19/2000, (17) U.S. provisional patent application 
serial no. 60/165,228, attorney docket no. 25791 .39, filed on 1 1/12/1999, (18) U.S. provisional patent 
application serial no. 60/221,443, attorney docket no. 25791.45, filed on 7/28/2000, (19) U.S. 
provisional patent application serial no. 60/221,645, attorney docket no. 25791.46, filed on 7/28/2000, 
(20) U.S. provisional patent application serial no. 60/233,638, attorney docket no. 25791.47, filed on 
9/18/2000, (21) U.S. provisional patent application serial no. 60/237,334, attorney docket no. 
25791.48, filed on 10/^/2000, (22) U.S. provisional patent applicaticm serial no. 60/270,007, attorney 
docket no. 25791 .50, filed on 2/20/2001, (23) U.S. provisional patent application serial no. 
60/262,434, attorney docket no. 25791.51, filed on 1/17/2001, (24) U.S, provisional patent application 
serial no. 60/259,486, attorney docket no. 25791 .52, filed on 1/3/2001, (25) U.S. provisional patent 
qjpHcation serial no. 60/303,740, attorney docket no. 25791 .61, filed on 7/6/2001, (26) U.S. 
provisional patent q>plication serial no. 60/3 13,453, attorney docket no. 25791 .59, filed on 8/20/2001, 
(27) U.S. provisional patent application serial no. 60/3 17,985, attorney docket no. 25791.67, filed on 
9/6/2001, (28) U.S. provisional patent application serial no. 60/3318^86, attorney docket no. 
25791.67.02, filed on 9/10/2001, (29) U.S. utility patent application serial no. 09/969,922, attorney 
docket no. 25791.69, filed on 10/3/2001, (30) U.S. utility patent application serial no. 10/016,467, 
attorney docket no. 25791.70, filed on 12/10/2001; (31) U.S. provisional patent ^plication serial no. 
60/343,674, attorney docket no. 25791 .68, filed on 12/27/2001; (32) U.S. provisional patent 
application serial no. 60/346,309, attorney docket no 25791.92, filed on 1/7/2002; (33) U.S. 
provisional patent application serial no. 60/372,048, attorney docket no. 25791.93, filed on 4/12/2002; 
(34) U.S. provisional patent application serial no. 60/372,632, attorney docket no. 25791.101, filed on 
4/1 5/2002; and (35) U.S. provisional patent application serial no. 60/380,147, attorney docket no. 
25791.104, filed on 5/6/2002, the disclosures of which are incorporated herein by reference. 
[0021] As illustrated in Figs. 2a-2d, in an exemplary embodiment, an apparatus 100 for forming a 
mono diameter wellbore casing is then positioned within the borehole 10 proximate the overiapping 
portions 18 of the first and second wellbore casing, 14 and 16, that includes a tubular support member 
102 that defmes a longitudinal passage 102a. An end 104a of a tubular adaptor 104 that defines a 
longitudinal passage I04b is threadably coupled to an end 102b of the ttibular support member 102 that 
includes an external flange 104c having an externally recessed portion 104d at another end 104e that 
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includes an externally tapered end face 104f. In an exemplary embodiment, the tubular support 
member 102 is a drill pipe. 

[0022] An end 106a of a tubular outer sleeve 106 that defmes a longitudinal passage 106b and a 
plurality of radial bypass ports 106c at another end 106d is threadably coupled to the recessed portion 
104d of the external flange 104c of the end 104e of the tubular adaptor 104. An end 108a of a tubular 
hydraulic slip body 108 that defmes a longitudinal passage 108b, a plurality of L-shaped bypass 
passages 108c, and a plurality of radial slip mounting passages 108d includes a recessed portion 108e 
ftat is threadably coupled to the 106d of the tubular outer sleeve 106 and a plurality of 
circumferentially spaced apart lugs 108f that are interieaved with the L-shaped bypass passages. 
Another end 108g of the tubular hydraulic slip body 108 includes an internally recessed portion 108h 
that is ftreadably coupled to an end 1 10a of a tubular packer cup mandrel 1 1 0 that defmes a 
longitudinal passage 1 10b and includes a flange 1 10c at another end 1 lOd that defmes a recessed 
portion llOe and a plurality of radial passages llOf, and one or more lugs 11 Og. 
[0023] As illustrated in Fig. 2d, a plurality of radially movable hydraulic slips 1 12 are movably 
coupled to and positioned within corresponding radial slip mounting passages 108d of the tubular 
hydraulic slip body 108 that each include slip base members 1 12a, ^ring members 1 12b, and slip 
engaging elements 1 12c. In an exemplary embodiment, the hydraulic slips 1 12 are round hydraulic 
slips that are hydraulically actuated when the internal pressure wifliin tfie hydraulic slip body 108 
pushes the hydraulic slips radially outwardly until tiie hydraulic slips are forced into engagement the 
internal diameters of the first and/or second wellbore casings, 14 and 16, thereby holding the hydraulic 
slips and all of the cwnponents rigidly attached to the hydraulic slips in place against external loads 
and pressure. In an exemplary embodiment, when the internal pressure within the hydraulic slip body 
108 is reduced, the spring members 1 12b pull the slip engaging elements 1 12c away from the inside 
diameters of die first and/or second wellbore casings, 14 and 16. Li an exemplary embodiment, the 
lugs 108f of the tubular hydraulic slip body 108 may engage the lugs 1 12f on the shoe 1 14 to allow 
transmission of torque when apparatus 100 is in extended position. In an exemplary embodiment, the 
tubular hydraulic slip body 108 also includes internal sealing members 108i that provide a fluidic seal 
between the tubular hydraulic slip body 108 and the inner mandrel 116. 

[0024] A tubular shoe 1 14 that defmes a longitudinal passage 1 14a and a recessed portion 1 14b at one 
end 1 14c is received within and mates with the longitudinal passage 106b of the tubular outer sleeve 
106 that includes an internally tapered end face 1 14d at another end 1 14e and a plurality of 
circumferentially spaced apart lugs 1 14f at the one end. In an exemplary embodiment, the shoe 1 14 
further includes one or more sealing members 1 1 4g for fluidicly sealing the intwface between the shoe 
and the tubular outer sleeve 106. An end 1 16a of an inner tubular mandrel 1 16 that defmes a 
longitudinal passage 1 16b and a plurality of radial bypass ports 1 16c is threadably coupled to the 
recessed portion 1 14b at the one end 1 14c of the tubular shoe 1 14 and mates widi the longitudmal 
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passage 108b of the tubular hydraulic slip body 108. Another ^d 1 16d of the inner tubular mandrel 
11 6 is threadably coupled to a recessed portion 1 1 8a of an end 1 1 8b of an exi>ansion cone mandrel 118 
that defines a longitudinal passage 1 1 8c having a throat passage 1 1 8d, an L-shaped bypass port 1 1 8e, 
and a radial pressure port 1 1 8f, and includes an external flange 1 1 8g, another recessed portion 1 1 8h, 
and lugs 118j. 

[0025] A tubular expansion cone 120 that defines a longitudinal passage I20a mates with and is 
coupled to another end 1 1 81 of the expansion cone mandrel 118 proximate the external flange 1 1 8g 
that includes an outer expansion surface 120b for radially expanding and plastically deforming the first 
and second wellbore casings, 14 and 16. In an exemplary embodiment, the maximum outside diameter 
of die outer expansion surface 120b of the tubular expansion cone 120 is substantially equal to the 
inside diameter of the first wellbore casing 14. A recessed portion 122a of an end 122b of a tubular 
guide nose 122 that defines a longitudinal passage 122c is threadably coupled to the end 1 18i of the 
expansion cone mandrel 118 that includes a tapered end face 122d at anoflier end 122e. In an 
exemplary embodunent, the tubular guide nose 122 helps to guide the apparatus 100 into the first 
and/or second wellbore casings, 14 and 1 6. 

[0026] An end 124a of a tubular bypass tube 124 that defines a longitudinal passage 124b is received 
within and coupled to die recessed portion 1 1 8h of the e^cpansion cone mandrel 1 1 8 and another end 
124c of the tubular bypass tube is received within and coupled to a recess 1 14g in the end 1 14c of the 
tubular shoe 1 14. A tubular spacer 126, a first packer cup 128, a second spacer 130, a third spacer 
132, and a second packer cup 134 are sequentially mounted on the tubular packer cup mandrel 1 10 
between the end 108g of fte tubular hydraulic slip body 1 08 and the end 1 lOd of the tubular packer 
cup mandrel 110. In an exemplary embodiment, die first and second packer cups, 128 and 134, 
resiliently engage and fluidicly seal the interface with the interior surface of the first wellbore casing 
14. In an exemplary embodiment, the packer cups, 128 and 134, provide a fluidic seal between the 
apparatus 1 00 and the first and/or second wellbore casings, 14 and 1 6. In this manner, an annular 
chamber above the expansion cone 120 within the first and/or second wellbore casings, 14 and 16, may 
be pressurized for reasons to be described. In an exemplary embodunent, the lugs 1 lOg on the end 
1 lOd of the packer cup mandrel 1 10 may engage the lugs 1 18j on the end face of the flange 1 18g of the 
expansion cone mandrel 1 1 8 to allow the transmission of torque loads when the apparatus is in a 
collapsed position. 

[0027] During the placement of the apparatus 100 wifliin the borehole 10 proximate the overiapping 
portions 18 of the first and second wellbore casings, 14 and 16, fluidic materials 200 within the 
borehole are conveyed through the longitudinal passages 122c, 1 1 8c, 124b, 1 04b, and 102a of the 
apparatus 1 00. In this manner, surge pressures within the borehole 10 are minimized during die 
insertion and placement of the apparatus 100 within the borehole. 

[0028] As illustrated in Figs. 2b and 2c, in an exemplary embodiment, die apparatus 100 is positioned 
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proximate the overlapping portions 1 8 of the first and second wellbore casings, 14 and 16, with the 
leading edge of the outer expansion surface 120b of the tubular e}q>ansion cone 120 positioned within 
the interior of the upper end of the second wellbore casing 16 and with the guide nose 122 mating with 
and extending mto the interior of the upper end of the second wellbore casing. In this manner, the 
apparatus 100 is located and supported at least in part by the upper end of the second wellbore casing 
16. Furthermore, in this manner, the apparatus 100 is centrally positioned within the first and second 
wellbore casings, 14 and 16. 

[0029] In an exemplary embodiment, as illustrated in Figs. 3a-3c, a ball 202 is then positioned within 
the throat passage 1 18d of Ae longitudinal passage 1 18c of the expansion cone mandrel 1 18 by 
injecting a fluidic material 204 mto the apparatus 100 through the longitudinal passages 102a, 104b, 
106b, 1 14a, 124b, and 1 18c. The injected fluidic material 204 is also conveyed through the radial 
pressure ports 1 1 8f of the expansion cone mandrel 1 1 8 into an annular chamber 206 above the external 
flange 1 18g of the expansion cone mandrel and then into the longitudinal passages 1 10b and 108b of 
the packer cup mandrel 1 10 and hydraulic slip body 108, respectively, and into the radial slip mounting 
passages 108d of the hydraulic slip body. Continued injection of the fluidic material 204 into the 
apparatus 100 through the longitudinal passages 102a, 104b, 106b, 1 14a, 124b, and 1 18c pressurizes 
the annular chamber 206 and the radial slip mounting passages 108d tiiereby displacing the expansion 
cone mandrel 1 18, the expansion cone 120, and Ae guide nose 122 downwardly in the longitudinal 
direction and displacing the hydraulic slips 1 12 outwardly in the radial direction. 
[0030] In particular, the outward radial displacement of the hydraulic slips 1 12 causes the hydraulic 
slips to engage in the interior surface of the first wellbore casing 14 thereby fixing the position of the 
tubular support member 102, the tubular adaptor 104, the hydraulic slip body 108, the packer cup 
mandrel 1 10, the spacer 126, the packer cup 128, the spacer 130, tiie spacer 132, and the packer cup 
134 relative to the first wellbore casing. As a resuh, the shoe 1 14, the inner mandrel 11 6, die 
expansion cone mandrel 1 18, the expansion cone 120, the guide nose 122, and the bypass tube 124 are 
then displaced downwardly relative to the tubular support member 102, the tubular adaptor 104, the 
hydraulic slip body 108, the packer cup mandrel 1 10, the spacer 126, the packer cup 128, the spacer 
130, die spacer 132, and the packer cup 134 by the pressurization of the annular chamber 206. 
[0031] The downward longitudinal displacement of the expansion cone 120 radially expands and 
plastically defoms the overlapping portions 18 of the first and second wellbore casings, 14 and 16. As 
a result of tiie radial expansion and plastic deformation, the inside diameter of the portion of the second 
wellbore casing 1 6 that overlaps with the first wellbore casing 14 is then substantially equal to the 
inside diameter of the portion of the fust wellbore casing tiiat does not overiap with the second 
wellbore casing. 

[0032] During the downward longitudinal displacement of the expansion cone mandrel 1 18, the 
expansion cone 120, and the guide nose 122, fluidic materials 208 within the second wellbore casing 
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16 that are displaced by the downward longitudinal displacement of the expansion cone mandrel, the 
expansion cone, and the guide nose are conveyed through the bypass port 11 8e of the expansion cone 
mandrel, the annular bypass passage 2 1 0 defined between the inner mandrel 116 and the bypass tube 
124, the bypass ports 1 1 6c of the iimer mandrel, the bypass ports 108c of the hydraulic slip body 108, 
and the bypass ports 106c of die outer sleeve 106 out of the apparatus 100. 

[0033] In an exemplary embodunent, during the pressurization of the annular chamber 206, the packer 
cups 128 and 134 provide a fluidic seal between the apparatus 100 and the first and second wellbore 
casings, 14 and 16. Furthermore, during the pressurization of the annular chamber 206, the interface 
between the tubular expansion cone 120 and the first and/or second wellbore casings, 14 and 16, is not 
fluid tight In this manner, lubricants that may be provided in the injected fluidic materials 204 may be 
conveyed to the leading edge of the interface between the expansion surface 120b and the first and/or 
second wellbore casing, 14 and 16, in order to minimize frictional forces and thereby enhance the 
operation efficiency of the operation. 

[0034] In an exemplary embodiment, as illustrated in Fig. 3a, the shoe 1 14, the inner mandrel 1 1 6, the 
expansion cone mandrel 1 18, the expansiwi cone 120, the guide nose 122, and the bypass tube 124 are 
then displaced downwardly relative to the tubular support member 102, the tubular adaptor 104, ttie 
hydnuilic slip body 108, Ike packer cup mandrel 1 10, the spacer 126, the packer cup 128, the spacer 
130, the spacer 132, and the packer cup 134 by the pressurization of the annular chamber 206 until the 
lugs 1 14f of the shoe impact the hydraulic slip body 108. At this point, in an exemplary embodiment, 
the operating pressure withm the annular chamber 206 will increase suddenly thereby indicating tiiat 
the expansion cone 120 has reached the end of the expansion stroke. 

[0035] In an exemplary embodiment, as illustrated in Figs. 4a-4c, once the expansion cone 120 has 
reached the end of the expansion stroke, the operating pressures of the annular chamber 206 and the 
radial slip mounting passages 108d are reduced by stopping the injection of the fluidic material 204 
into the apparatus 100 and/or by activating one or more pressure relief valves 210 at a surface location 
to relieve the operating pressures in the annular chamber and radial slip mounting passages to 
atmospheric. As a result of the pressure relief of the operating pressures of the annular chamber 206 
and the radial slip mounting passages 108d, the hydraulic slips 1 12 may be displaced inwardly in the 
radial direction thereby disengaging the hydraulic slip body 108 from the first wellbore casing 14. 
Furthermore, as a result of the pressure relief of the operating pressures of the annular chamber 206 
and the radial slip mounting passages 108d, the support member 102, the adapter 104, the outer sleeve 
106, the hydraulic slip body 108, the packer cup mandrel 1 10, the hydraulic slips 1 12, the spacer 126, 
the first packer cup 128, the spacer 130, the spacer 132, and the second packer cup 134 may then be 
displaced downwardly in tiie longitudinal direction relative to the shoe 1 14, the inner mandrel 1 16, the 
expansion cone mandrel 1 18, the expansion cone 120, die guide nose 122, and the bypass tube 124 
until the internally tapered end face 1 14d of the shoe 1 14 impacts the of the external tapered end face 
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104f of the adapter 104. In this manner, the apparatus 100 is placed in a collapsed position. 
[0036] In an exemplary embodiment, as illustrated in Figs. 5ar5c, the fluidic material 204 is once 
again injected into the apparatus 100 through the longitudinal passages 102a, 104b, 106b, 1 14a, 124b, 
and 1 18c. The injected fluidic material 204 is also conveyed through the radial pressure ports 1 18f of 
the expansion cone mandrel 1 1 8 into an annular chamber 206 above the external flange 1 1 8g of the 
expansion cone mandrel and then into the longitudinal passages 1 10b and 108b of the packer cup 
mandrel 110 and hydraulic slip body 108, respectively, and mto the radial slip mounting passages 108d 
of the hydraulic slip body. Continued injection of the fluidic material 204 into ttie apparatus 1 00 
through the longitudinal passages 102a, 104b, 106b, 114a, 124b, and 11 8c pressurizes the annular 
chamber 206 and Ae radial slip mounting passages 108d thereby displacing the expansion cone 
mandrel 118, the expansion cone 120, and the guide nose 122 downwardly in die longitudinal direction 
and displacing the hydraulic slips 1 12 outwardly in the radial direction. 

[0037] In particular, the outward radial displacement of the hydraulic slips 1 12 causes the hydraulic 
slips to engage in the interior surfece of the first wellbore casing 14 thereby fixing the position of the 
tubular support member 102, the tubular adaptor 104, the hydraulic slip body 108, the packer cup 
mandrel 1 10, the spacer 126, the packer cup 128, the spacer 130, the spacer 132, and the packer cup 
134 relative to the first wellbore casing. As a result, Ae shoe 1 14, Ae inner mandrel 1 16, the 
expansion cone mandrel 1 18, the expansion cone 120, the guide nose 122, and the bypass tube 124 are 
then displaced downwardly relative to the tubular support member 102, the tubular adaptor 104, the 
hydraulic slip body 108, Ae packer cup mandrel 1 10, the spacer 126, the packer cup 128, the spacer 
130, the spacer 132, and the packer cup 134 by the pressurization of the annular chamber 206. 
[0038] The downward longitudinal displacement of the expansion cone 120 radially expands and 
plastically deforms the remaining portion of the overlapping portions 18 of the first and second 
wellbore casings, 14 and 16, and a non-overlapping portion of the second wellbore casing 16. As a 
result of the radial expansion and plastic deformation, the inside diameter of the portion of the second 
wellbore casing 16 that overiaps with the first wellbore casing 14 is then substantially equal to the 
inside diameter of the portion of the first wellbore casing that does not overlap with the second 
wellbore casing. Furthermore, as a result of the radial expansion and plastic deformation, the inside 
diameter of at least a portion of the second wellbore casmg 1 6 that does not overiap with the first 
wellbore casing 14 is substantially equal to the inside diameter of the portion of the first wellbore 
casing that does not overlap with the second wellbore casing. 

[0039] During the downward longitudinal displacement of the expansion cone mandrel 1 18, the 
expansion cone 120, and the guide nose 122, fluidic materials 208 within the second wellbore casing 
1 6 that are displaced by the downward longitudinal displacement of the expansion cone mandrel, the 
expansion cone, and the guide nose are conveyed through the bypass port 1 18e of the expansion cone 
mandrel, the annular passage 210 defined between the inner mandrel 116 and the bypass tube 124, the 
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bypass ports n6c of the inner mandrel, the bypass ports 108c of the hydraulic slip body 108, and the 
bypass ports 106c of the outer sleeve 106 out of the apparatus 100. 

[0040] In an exemplary embodiment, during the pressurization of the annular chamber 206, the packer 
cups 128 and 134 provide a fluidic seal between the apparatus 100 and the &st and second wellbore 
casings, 14 and 1 6. FurthOTnore, during the pressurization of the annular chamber 206, the interface 
between the tubular expansion cone 120 and the first and/or second wellbore casings, 14 and 16, is not 
fluid tight. In this manner, lubricants that may be provided in the injected fluidic materials 204 may be 
conveyed to the leading edge of the interface between the expansion surface 120b and the first and/or 
second wellbore casing, 14 and 16, in order to minimize frictional forces and tiiereby enhance the 
operation efficiency of the operation. 

[0041] In an exemplary embodiment, as illustrated in Fig. 5b, the shoe 1 14, the inner mandrel 1 16, the 
expansion cone mandrel 1 18, the expansion cone 120, the guide nose 122, and the bypass tube 124 are 
then displaced downwaixHy relative to the tubular support member 102, the tubular adaptor 104, the 
hydraulic slip body 108, the packer cup mandrel 1 10, the spacer 126, the packer cup 128, the spacer 
130, the spacer 132, and the packer cup 134 by the pressurization of the annular chamber 206 until the 
lugs 1 14f of the shoe impact the hydraulic slip body 108. At this point, in an exemplary embodiment, 
the operating pressure within the annular chamber 206 will increase suddenly thereby indicating that 
the expansion cone 120 has reached the end of the expansion stroke. 

[0042] As illustrated in Fig. 6, in an exemplary embodiment, the operations of Figs. 3a-3c, 4a-4c, and 
5a-5c, may then be repeated to thereby radially expand and plastically deform the remaining portions of 
the second wellbore casing 16 that do not overlap with the first wellbore casing 14. As a result, a 
mono diameter wellbore casing is constructed that includes the first and second wellbore casings, 14 
and 16. The inside diameter of the first wellbore casing IDm is substantially equal to the inside 
diameter of the second wellbore casing IDj6. 

[0043] The illustrative embodiments provide the advantage of expanding the casing without applying 
pressure to the entire casing string and allowing easy retrieval of the expansion apparatus 1 00 if 
expansion problems develop. 

[0044] In several alternative embodiments, the expansion cone 120 may be an expandable adjustable 
expansion cone. 

[0045] In several alternative embodiments, other sealing methods and apparatus between the 
apparatus 100 and the inside diameters of the fust and/or second wellbore casings, 14 and 16, may be 
used. For example, hydraulically and/or mechanicaUy actuated packer elements and/or mechanical 
slips with drag blocks and J-slots may be used in place of the hydraulic slips 1 12 to hold the tubular 
hydraulic slip body 108 in a stationary position during the radial expansion process. 
[0046] In several ahemative embodiments, the apparatus 100 can also be used for single stage top- 
down expansion of cased and open hole liners and as a liner hanger. In an exemplaiy embodiment, the 
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expansion cone 120, the packer cups, 128 and 134, and the hydraulic slips 1 12 are run in an expansion 
cone launcher as disclosed in one or more of the following: (1) U.S. patent application serial no. 
09/454,139, attorney docket no. 25791.03.02, filed on 12/3/1999, (2) U.S. patent application serial no. 
09/5 1 0,9 13, attorney docket no. 2579 1 .7.02, filed on 2/23/2000, (3) U.S. patent application serial no. 
09/502350, attorney docket no. 25791 .8.02, filed on 2/10/2000, (4) U.S. patent application serial no. 
09/440,338, attorney docket no. 25791.9.02, filed on 1 1/15/1999, (5) U.S. patent application serial no. 
09/523,460, attorney docket no. 25791.1 1.02, filed on 3/10/2000, (6) U.S. patent applicaticm serial no. 
09/512,895. attorney docket no. 25791.12.02, filed on 2/24/2000, (7) U.S. patent application serial no, 
09/51 1,941, attorney docket no. 25791.16.02, filed on 2/24/2000, (8) U.S. patent application serial no. 
09/588,946, attorney docket no. 25791.17.02, filed on 6/7/2000, (9) U.S. patent application serial no. 
09/559,122, attorney docket no. 25791.23.02, filed on 4/26/2000, (10) PCT patent application serial 
no. PCT/USOO/18635, attorney docket no. 25791.25.02, filed on 7/9/2000, (1 1) U.S. provisional patent 
application serial no. 60/162,671, attorney docket no. 25791 21, filed on 1 1/1/1999, (12) U.S. 
provisional patent application serial no. 60/154,047, attorney docket no. 25791.29, filed on 9/16/1999, 
(13) U.S. provisional patent application serial no. 60/159,082, attorney docket no. 25791.34, filed on 
10/12/1999, (14) U.S. provisional patent application serial no. 60/159,039, attorney docket no. 
25791.36, filed on 10/12/1999, (15) U.S. provisional patent application serial no. 60/159,033, attorney 
docket no. 25791.37, filed on 10/12/1999, (16) U.S. provisional patent application serial no. 
60/212,359, attorney docket no. 25791 .38, filed on 6/19/2000, (17) U.S. provisional patent application 
serial no. 60/165,228, attorney docket no. 25791.39, filed on 1 1/12/1999, (18) U.S. provisional patent 
application serial no. 60/221,443, attorney docket no. 25791.45, filed on 7/28/2000, (19) U.S. 
provisional patent application serial no. 60/221,645, attorney docket no. 25791.46, filed on 7/28/2000, 
(20) U.S. provisional patent application serial no. 60/233,638, attorney docket no. 25791.47, filed on 
9/18/2000, (21) U.S. provisional patent application serial no. 60/237,334, attorney docket no. 
25791.48, filed on 10/2/2000, (22) U.S. provisional patent application serial no. 60/270,007, attorney 
docket no. 25791.50, filed on 2/20/2001, (23) U.S. provisional patent application serial no. 
60/262,434, attorney docket no. 25791.51, filed on 1/17/2001, (24) U.S, provisional patent application 
serial no. 60/259,486, attorney docket no. 25791.52, filed on 1/3/2001, (25) U.S. provisional patent 
application serial no. 60/303,740, attorney docket no. 25791.61, filed on 7/6/2001, (26) U.S. 
provisional patent application serial no. 60/313,453, attorney docket no, 25791 .59, filed on 8/20/2001, 
(27) U.S. provisional patent application serial no. 60/317,985, attorney docket no. 25791.67, filed on 
9/6/2001, (28) U.S. provisional patent application serial no. 60/3318,386, attorney docket no. 
25791 .67.02, filed on 9/10/2001, (29) U.S. utility patent application serial no. 09/969,922, attorney 
docket no. 25791 .69, filed on 10/3/2001, (30) U.S. utility patent application serial no. 10/016,467, 
attorney docket no. 25791.70, filed on 12/10/2001; (31) U.S. provisional patent application serial no. 
60/343,674, attorney docket no. 25791.68, filed on 12/27/2001; (32) U.S. provisional patent 
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application serial no. 60/346^09, attorney docket no 25791.92, filed on \nmVl\ (33) U.S. 
provisional patent application serial no. 60/372,048, attorney docket no. 25791 .93, filed on 4/12/2002; 
(34) U.S. provisional patent application serial no. 60/372,632, attorney docket no. 25791.101, filed on 
4/15/2002; and (35) U.S. provisional patent application serial no. 60/380,147, attorney docket no. 
25791 .104, filed on 5/6/2002, the disclosures of which are incorpcwrated herein by reference. 
[0047] The first stroke of the expansion cone 120 expands the expandable casing out to contact the 
well casing with enough force to hoW the weight of the expandable casing string or liner. Pressure is 
thai released and the expansion assy is moved down to the collapsed position and the expansion 
process repeated. 

[0048] A method of forming a mono diameter wellbore casing within a borehole that traverses a 
subterranean formation has been described that includes positioning a first wellbore casing wifliin the 
borehole, radially expanding and plastically deforming the first wellbcwe casing within the borehole, 
positioning a second wellbore casing within the borehole in overlapping relation to the first wellbore 
casing, radially expanding and plastically deforming the second wellbore casing within the borehole, 
radially expanding and plastically deforming the overiapping portions of the first and second wellbore 
casings, and radially expanding and plastically deforming at least a portion of the second wellbore 
casing that does not overlap with the first wellbore casing. The inside diameter of the portion of the 
first wellbore casmg that does not overlap with Ae secmd wellbore casing is substantially equal to the 
inside diameter of tfie radially expanded and plastically deformed portions of the second wellbore 
casing- In an exemplary embodiment, the radially expanding and plastically deforming the overlapping 
portions of tfie first and second wellbore casings includes positioning a telescopmg radial expansion 
device comprising an outer sleeve and an inner sleeve positioned within and movably coupled to the 
outer sleeve comprising a tubular expansion cone proximate the end of the second wellbore casing, and 
injecting a fluidic material into the telescoping radial expansion device to cause the outer sleeve to 
engage the first wellbore casmg and cause the inner sleeve to extend out of the outer sleeve into the 
overiapping portions of the first and second wellbore casings to cause the tubular expansion cone to 
radially expand and plastically deform the overiapping portions of the first and second wellbore 
casings. In an exemplary embodiment, the method further includes conveying fluidic materials within 
the borehole that are displaced by the extension of the inner sleeve to a location within the borehole 
above the tubular expansion cone. In an exemplary embodiment, radially expanding and plastically 
deforming at least a portion of the second wellbore casing that does not overiap with the first wellbore 
casing includes reducing the operating pressure within the telescoping radial expansion device, moving 
the outer sleeve onto the inner sleeve of the telescoping radial expansion device, and injecting a fluidic 
material into the telescoping radial expansion device to cause the outer sleeve to engage at least one of 
the first and second wellbore casings and cause the inner sleeve to extend out of Ae outer sleeve into 
the second wellbore casing to cause the ttibular expansion cone to radially expand and plastically 
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defonii at least a portion of the second wellbore casing. In an ecemplaiy embodiment, the method 
further includes conveying fluidic materials within the borehole that are diq)laced by the extension of 
the inner sleeve to a location within flie borehole above the tubular expansion cone. 
[0049] An apparatus for forming a mono diameto- wellbore casing has been described that includes 
means for positioning a first wellbore casing within the borehole, means for radially ejqianding and 
plastically defonning the first wellbore casing within flie borehole, means for positionmg a second 
wellbore casing within the bwehole in overlapping relation to the first wellbore casing, means for 
radially expanding and plastically deforaiing Ae second wellbore casing within the borehole, means for 
radially expanding and plastically defonning Ihe overlapping portions of the first and second wellbore 
casings, and means for radially expanding and plastically defwrning at least a portion of Ae second 
wellbore casing that does not overlap wifli the first wellbore casing. The inside diametra- of the portion 
of tiie first wellbore casing fliat does not overlq> witii the seccmd wellbore casing is substantially equal 
to the inside diametra- of the radially expanded and plastically deformed portions of flie second 
wellbore casing. In an exemplary embodiment, the means for radially expanding and plastically 
deforming the overl^ping portions of the first and second wellbore casings includes means for 
positioning a telescoping radial expansion device comprising an outer sleeve and an inner sleeve 
positioned within and movably coupled to Ae outer sleeve cOTiprising a tubular expansion cone 
proximate tiie end of tiie second weUbore casing, and means for injecting a fluidic material into the 
telescoping radial ejqiansion device to cause the outer sleeve to engage the first wellbore casing and 
cause Ae inner sleeve to extend out of the outer sleeve into the overlq)ping portions of the first and 
second wellbore casings to cause the tubular expansion cone to radially expand and plastically deform 
the overl^ping portions of the first and second wellbore casings. In an exemplary embodiment, the 
method fiirflier includes conveying fluidic materials within the borehole that are displaced by the 
extension of tiie inner sleeve to a location within the borehole above the tubular expansion cone. In an 
exemplaiy embodiment, the means for radially expanding and plastically defonning at least a portion 
of the second wellbore casing fliat does not overlap with the first wellbore casing includes means for 
reducmg flie operating pressure witiiin tiie telescoping radial expansion device, means for moving tiie 
outer sleeve onto the inner sleeve of the telescoping radial expansion device, and means for injecting a 
fluidic material into the telescoping radial expansion device to cause the outer sleeve to engage at least 
one of flie first and second wellbore casings and cause tiie inner sleeve to extend out of flie outer sleeve 
into flie second wellbore casing to cause tiie tubular expansion cone to radially expand and plastically 
defonn at least a portion of flie second wellbore casing. In an exemplary embodiment, flie m^od 
further includes conveying fluidic materials wifliin flie borehole fliat are displaced by flie extension of 
flie inner sleeve to a location witiiin tfie borehole above tiie tubular expansion cone. 
[0050] An apparatus for radially expanding and plastically defonning a tubular member has been 
described fliat includes a tubular adapter defming a longitudinal passage, a tubular outer sleeve coupled 

15 



wo 03/104601 



PCT/IJS03/13787 



to the tubular adapter defining a longitudinal passage, a tubular hydraulic slip body coupled to the 
tubular outer sleeve defining a plurality of L-shaped bypass ports and a plurality of radial hydraulic slip 
mounting passages, a plurality of hydraulic slips movably coupled and positioned within corresponding 
radial hydraulic slip mounting passages for engaging the tubular member, a tubular packer cup mandrel 
coupled to the tubular hydraulic slip body defining a longitudinal passage, a plurality of packer cups 
coupled to the tubular packer cup mandrel for sealingly engaging the tubular memb^, a tubular shoe 
positioned widiin and movably coupled to the tubular outer sleeve defining a longitudinal passage, a 
tubular inner mandrel positioned within and movably coupled to the tubular hydraulic slip body 
coupled to the tubular shoe defining a longitudinal passage and a plurality of radial bypass ports, a 
tubular expansion cone mandrel coupled to Ae tubular inner mandrel defining a longitudinal passage 
having a throat passage for receiving a ball, an L-shaped bypass port, and a radial pressure port, a 
tubular expansion cone coupled to the tubular expansion cone including a tapered outer expansion 
surface for radially expanding and plastically defomiing the tubular member, a tubular guide nose 
coupled to the tubular expansion cone mandrel defining a longitudinal passage, a bypass tube 
positioned witiiin tiie tubular inner mandrel coupled to the expansion cone mandrel and the tubular 
shoe defining a longitudinal passage, and an annular longitudinal bypass passage defined between flie 
tubular inner mandrel and the bypass tube. In an ex«nplary ^bodiment, the longitudinal passages of 
the tubular adapter, bypass tube, and tubular expansion cone mandrel are fluidicly coupled. In an 
exemplaiy embodiment, the longitudinal passage of the tubular expansion cone mandrel is fluidicly 
coupled to the radial pressure port of the tubular expansion cone mandreL In an exemplary 
embodiment, the L-shaped bypass port of the tubular expansion cone mandrel is fluidicly coupled to 
the annular longitudinal bypass passage, the radial bypass passages of the tubular inner mandrel, the L- 
shaped bypass ports of the tubular hydraulic slip body, and the radial bypass ports of the tubular outer 
sleeve. 

[005 1] An apparatus for radially expanding and plastically deforming a tubular member has been 
described that includes a tubular support member defining a longitudinal passage, a tubular outer 
sleeve coupled to the tubular support member defining a longitudinal passage and a plurality of radial 
bypass ports, an hydraulic slip coupled to the tubular outer sleeve for controllably engaging the tubular 
member, one or more packer cups coupled to the ttibular outer sleeve for sealingly engaging the tubular 
member, a tubular inner sleeve positioned within and movably coupled to the tubular outer sleeve 
defining a longitudinal passage, an annular longitudinal bypass passage, and one or more radial bypass 
passages, and a tubular expansion cone coupled to the tubular inner sleeve defining a longitudinal 
passage having a throat passage for receiving a ball, an L-shaped bypass port, and a radial pressure port 
including an tapered outer expansion surface for radially expanding and plastically deforming the 
tubular member. In an exemplary embodiment, the longitudinal passages of the tubular outer sleeve 
and the tubular expansion cone are fluidicly coupled. In an exemplary embodiment, tiie longitudinal 
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passage of ihe tubular expansion crnie is fluididy coupled to the radial pressure port of the tubular 
expansion cone. In an exemplary embodimrait, the L-shaped bypass port of die tubular expansion cone 
is fluididy coupled to the annular longitudinal bypass passage and the radial bypass passages of the 
tubular inner sleeve, and the L-shaped bypass ports and the radial bypass ports of the tubular outer 
sleeve. 

[0052] A method of radially expanding and plastically deforming a wellbore casing positioned within 
a borehole Aat traverses a subtenanean formation has been described that includes positioning an outer 
tubular sleeve and an innw tubular sleeve ctMnprising an expansion cone within the borehole, wherein 
the inner tubular sleeve is movably coupled to and at least partially housed within the outer tubular 
sleeve, injecting a fluidic matwial into the inner and outer tubular sleeves, coupling the outer tubular 
sleeve to the wellbore casing, and extending die inner tubular sleeve out of the outer tubular sleeve into 
the wellbore casing to radially expand and plastically deform a portion of the wellbore casing using the 
expansion cone. In an exemplary embodiment, injecting a fluidic material into the inner and outer 
tubular sleeves includes injecting the fluidic material into an annular chamber above the expansion 
cone. In an exemplary anbodiment, the mrthod further includes conveying fluidic materials within the 
borehole displaced by the extension of the inner tubular sleeve to a location above Hie expansion cone. 
In an exemplary embodiment, conveying fluidic materials within the borehole displaced by the 
extension of the kater tubular sleeve above die expansion cone indudes conveying fluidic materials 
within the borehole displaced by the extension of die inner tubular sleeve dirough an annular passage 
and one or more radial passages to die location above the expansion cone. In an exemplary 
embodiment, the mediod further includes depressuring the inner and outer tubular sleeves, decoupling 
the outer tubular sleeve and the wellbore casing, and collapsing the outer tubular sleeve onto the inner 
tubular sleeve. In an exemplary embodiment, the mediod further includes injecting a fluidic material 
into die inner and outer tubular sleeves, coupling die outer tubular sleeve to the wellbore casing, and 
ectending the inner tubular sleeve out of die outer tubular sleeve into die wellbore casing to radially 
expand and plastically defonn anodier portion of die wellbore casing. In an exemplary embodiment, 
injecting a fluidic material into die inner and outer tubular sleeves includes injecting die fluidic 
material into an annular chamber above die expansion cone, hi an exemplary embodiment, die 
mediod further includes conveying fluidic materials within die borehole displaced by die extension of 
die inner tubular sleeve to a location above die expansion cone. In an exemplary embodiment, 
conveying fluidic materials widiin die borehole displaced by die extension of die inner tubular sleeve 
above die expansion cone includes conveying fluidic materials widiin die borehole displaced by die 
extension of die inner tubular sleeve dirough an annular passage and one or more radial passages to die 
location above the expansion cone. 

[0053] An apparatus for radially expanding and plastically deforming a wellbore casing positioned 
widiin a borehole diat traverees a subterranean formation has been described tiiat includes means for 
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positioning an outer tubular sleeve and an inner tubular sleeve comprising an expansion cone within 
the borehole, wherein the inner tubular sleeve is movably coupled to and at least partially housed 
within the outer tubular sleeve, means for injecting a fluidic material into the inner and outer tubular 
sleeves, means for coupling the outer tubular sleeve to the wellbore casing, and means for extending 
the inner tubular sleeve out of the outer tubular sleeve into the wellbore casing to radially expand and 
plastically defom a portion of the wellbore casing using the expansion cone. In an exemplary 
embodiment, the means for injecting a fluidic material into the inner and outer tubular sleeves includes 
means for injecting tiie fluidic material into an annular chamber above the expansion cone. In an 
exemplary embodiment, the apparatus further includes means for conveying fluidic materials within the 
borehole displaced by the extension of tiie inner tubular sleeve to a locaticMi above the ejqjansion cone. 
In an exemplary embodiment, the means for conveying fluidic materials within the borehole displaced 
by the extension of the inner tubular sleeve above the expansion cone includes means for conveying 
fluidic materials within the borehole displaced by the extension of the inner tubular sleeve through an 
annular passage and one or more radial passages to the location above the expansion cone. In an 
exemplary embodiment, the apparatus further includes means for depressuring the inner and outer 
tubular sleeves, means for decoupling Ae outer tubular sleeve and the wellbore casing, and means for 
coll^sing the outer tubular sleeve onto the inner tubular sleeve. In an exemplary embodiment, the 
apparatus further includes means for injecting a fluidic material into the mner and outer tubular 
sleeves, means for coupling the outer tubular sleeve to flie wellbore casing, means for extending the 
inner tubular sleeve out of tiie outer tubular sleeve into the wellbore casing to radially expand and 
plastically deform another portion of the wellbore casing. In an exemplary embodiment, the means for 
injecting a fluidic material into the inner and outer tubular sleeves includes means for injecting the 
fluidic material into an annular chamber above the expansion cone. In an exemplary embodiment, the 
apparatus further includes means for conveying fluidic materials within the borehole displaced by the 
extension of the inner tubular sleeve to a location above the expansion cone. In an exemplary 
embodiment, the means for conveying fluidic materials witiiin tiie borehole displaced by the extension 
of the inner tubular sleeve above the expansion cone includes means for conveying fluidic materials 
within the borehole displaced by the extension of the inner tubular sleeve through an annular passage 
and one or more radial passages to the location above the expansion cone. 

[0054] It is understood that variations may be made in the foregoing without departing from the scope 
of the invention. For example, the teachings of tiie present illustrative embodiments may be used to 
provide a wellbore casing, a pipeline, or a structural support Furthermore, the elements and teachings 
of the various illustrative embodiments may be combined in whole or in part in some or all of the 
illustrative embodiments. 

[0055] Although illustrative embodiments of the invention have been shown and described, a wide 
range of modification, changes and substitution is contemplated in the foregoing disclosure. In some 
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other features. Accordingly, it is appropriate that the appended claims be construed broadly and in a 
manner consistent with the scope of the invention. 
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Claims 

What is claimed is: 

1 . A method of forming a mono diameter wellbore casing within a borehole that traverses a 
subterranean formation, comprising: 

positioning a first wellbore casing within the borehole; 

radially expanding and plastically deforming the first wellbore casing within the borehole; 
positioning a second wellbore casing within the borehole in overlapping relation to the first 
wellbore casing; 

radially expanduig and plastically deforming the second wellbore casing within the borehole; 
radially expanding and plastically deforming the overlapping portions of the first and second 
wellbore casings; and 

radially expanding and plastically deforming at least a portion of the second wellbore casing 
that does not overlap with the first wellbore casing; 

wherein the inside diameter of the portion of the first wellbore casing tiiat does not overlap 
with the second wellbore casing is substantially equal to the inside diameter of the 
radially expanded and plastically deformed portions of the second wellbore casing. 

2. The method of claim 1 , wherein radially expandmg and plastically deforming the overlapping 
portions of the first and second wellbore casmgs comprises: 

positioning a telescoping radial expansion device comprising an outer sleeve and an inner 

sleeve positioned within and movably coupled to the outer sleeve comprising a tubular 
expansion cone proximate the end of the second wellbore casing; and 

injecting a fluidic material into tiie telescoping radial expansion device to cause the outer 

sleeve to engage the first wellbore casmg and cause the inner sleeve to extend out of 
the outer sleeve into the overlapping portions of the first and second wellbore casings 
to cause the tubular expansion cone to radially expand and plastically defonn the 
overlapping portions of the first and second wellbore casings. 

3. The method of claim 2, fiirther comprising: 

conveying fluidic materials within the borehole that are displaced by the extension of the inner 
sleeve to a location wdthin the borehole above the tubular expansion cone. 

4. The metiiod of claim 2, wherein radially expanding and phistically deformnig at least a pcnrtion 
of the second wellbore casing that does not overlap with the first wellbore casing comprises: 

reducing the operating pressure withm the telescoping radial expansion device; 
moving the outer sleeve onto the inner sleeve of the telescoping radial expansion device; and 
mjecting a fluidic material into the telescoping radial expansion device to cause the outer 
sleeve to engage at least one of the first and second wellbore casings and cause the 
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inner sleeve to extend out of the outer sleeve into the second wellbore casing to cause 
the tubular expansion cone to radially expand and plastically deform at least a portion 
of the second wellbore casing. 

5. The method of claim 4, fiirtlier comprising: 

conveying fluidic materials within the borehole that are displaced by the extension of the inner 
sleeve to a location within die borehole above the tubular expansion cone. 

6. An apparatus for forming a mono diameter wellbore casing, comprising: 
means for positioning a first wellbore casing within the borehole; 

means for radially expanding and plastically deforming the first wellbore casing within the 
borehole; 

means for positioning a second wellbore casing within the borehole in overlapping relation to 

the first wellbore casing; 
means for radially expanding and plastically deforming the second wellbore casing within the 

borehole; 

means for radially expanding and plastically deforming the overlapping portions of the first 

and second wellbore casings; and 
means for radially expanding and plastically deforming at least a portion of the second 

wellbore casing that does not overlap with the first wellbore casing; 
wherem the inside diameter of the portion of the first wellbore casing that does not overlap 

with the second wellbore casing is substantially equal to the inside diameter of the 

radially expanded and plastically deformed portions of the second wellbore casing. 

7. The apparatus of claim 6, wherein means for radially expanding and plastically deforming the 
overlapping portions of the first and second wellbore casings comprises: 

means for positioning a telescoping radial expansion device comprising an outer sleeve and an 
inner sleeve positioned within and movably coupled to the outer sleeve comprising a 
tubular expansion cone proximate the end of the second wellbore casing; and 

means for injecting a fluidic material into the telescoping radial expansion device to cause the 
outer sleeve to engage the first wellbore casing and cause the inner sleeve to extend 
out of the outer sleeve into the overlapping portions of the first and second wellbore 
casings to cause the tubular expansion cone to radially expand and plastically deform 
the overlapping portions of the first and second wellbore casings. 

8. The method of claim 7, further comprising: 

conveying fluidic materials within the borehole that are displaced by the extension of the inner 
sleeve to a location within the borehole above the tubular expansion cone. 

9. The apparatus of claim 7, wherein means for radially expanding and plastically deforming at 
least a portion of the second wellbore casing tiiat does not overlap with the first wellbore casing 
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comprises: 

means for reducing the operating pressure within the telescoping radial expansion device; 
means for moving the outer sleeve onto the inner sleeve of the telescoping radial expansion 
device; and 

means for injecting a fluidic material into the telescoping radial expansion device to cause the 
outer sleeve to engage at least one of the first and second wellbore casings and cause 
the inner sleeve to extend out of the outer sleeve into the second welibore casing to 
cause the tubular expansion cone to radially expand and plastically deform at least a 
portion of the second welibore casing. 

1 0. The mediod of claim 9, further comprising: 

conveying fluidic materials witiiin the borehole that are displaced by the extension of the inner 
sleeve to a location widiin tiie borehole above the tubular expansion cone. 

11, An q)paratus for radially expanding and plastically deforming a tubular member, comprising: 
a tubular adapter defining a longitudinal passage; 

a tubular outer sleeve coupled to the tubular adapter defining a longitudinal passage; 
a tubular hydraulic slip body coupled to the tubular outer sleeve defining a plurality of L- 

shaped bypass ports and a plurality of radial hydraulic slip mounting passages; 
a plurality of hydraulic slips movably coupled and positioned within corresponding radial 

hydraulic slip mounting passages for engaging the tubular member, 
a tubular packer cup mandrel coupled to the tubular hydraulic slip body defining a longitudinal 

passage; 

a plurality of packer cups coupled to the tubular packer cup mandrel for sealingly engaging the . 
tubular member; 

a tubular shoe positioned within and movably coupled to the tubular outer sleeve defining a 
longitudinal passage; 

a tubular inner mandrel positioned within and movably coupled to the tubular hydraulic slip 
body coupled to the tubular shoe defming a longitudinal passage and a plurality of 
radial bypass ports; 

a tubular expansion cone mandrel coupled to the tubular inner mandrel defining a longitudinal 
passage having a throat passage for receiving a ball, an Lrshaped bypass port, and a 
radial pressure port; 

a tubular expansion cone coupled to the tubular expansion cone including a tapered outer 
expansion surface for radially expanding and plastically deforming the tubular 
member, 

a tubular guide nose coupled to the tubular expansion cone mandrel defining a longitudinal 
passage; 
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a bypass tube positioned within the tubular inner mandrel coupled to the expansion cone 
mandrel and the tubular shoe defming a longitudinal passage; and 

an annular longitudinal bypass passage defined between the tubular inner mandrel and the 
bypass tube. 

12. The apparatus of claim 1 1, wherein the longitudinal passages of the tubular adapter, bypass 
tube, and tubular expansion cone mandrel are fluidtcly coupled. 

1 3 . The apparatus of claim 1 1 , wherein the longitudinal passage of the tubular expansion cone 
mandrel is fluidicly coupled to the radial pressure port of the tubular expansion cone mandrel. 

14. The apparatus of claim 1 1, v*erein the L-shaped bypass port of the tubular expansion cone 
mandrel is fluidicly coupled to the annular longitudinal bypass passage, the radial bypass passages of 
the tubular inner mandrel, the L-shaped bypass ports of the tubular hydraulic slip body, and the radial 
bypass ports of the tubular outer sleeve. 

1 5. An apparatus for radially expanding and plastically deforming a tubular member, comprising: 
a tubular support member defining a longitudinal passage; 

a tubular outer sleeve coupled to the tubular support member defming a longitudinal passage 

and a plurality of radial bypass poits; 
an hydraulic slip coupled to the tubular ovX&t sleeve for controllably engaging the tubular 

member; 

one or more packer cups coupled to the tubular outer sleeve for sealingly engaging the tubular 
member; 

a tubular inner sleeve positioned within and movably coupled to the tubular outer sleeve 

definuig a longitudinal passage, an annular longitudinal bypass passage, and one or 
more radial bypass passages; and 

a tubular expansion cone coupled to the tubular inner sleeve defming a longitudinal passage 
having a throat passage for receiving a ball, an I^shaped bypass port, and a radial 
pressure port including an tapered outer expansion surface for radially expanding and 
plastically deforming the tubular member. 

16. The apparatus of claim 15, wherein the longitudinal passages of the tubular outer sleeve and 
the tubular expansion cone are fluidicly coupled. 

1 7. The apparatus of claim 1 5, wherein the longitudinal passage of the tubular expansion cone is 
fluidicly coupled to the radial pressure port of the tubular expansion cone. 

18. The apparatus of claim 15, wherein the L-shaped bypass port of the tubular expansion cone is 
fluidicly coupled to the annular longitudinal bypass passage and the radial bypass passages of the 
tubular inner sleeve, and the I^shaped bypass ports and the radial bypass ports of the tubular outer 
sleeve. 

19. A method of radially expanding and plastically deforming a wellbore casing positioned withir 
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a borehole that traverses a subterranean formation, comprising: 

positioning an outer tubular sleeve and an inner tubular sleeve comprising an expansion cone 

within the borehole, wherein the inner tubular sleeve is movably coupled to and at 

least partially housed within the outer tubular sleeve; 
injecting a fluidic material into the inner and outer tubular sleeves; 
coupling the outer tubular sleeve to the wellbore casing; and 

extending the inner tubular sleeve out of the outer tubular sleeve into the wellbore casing to 
radially e?q>and and plastically deform a portion of the wellbore casing using the 
e?q)ansion cone. 

20. The method of claim 19, wherein injecting a fluidic material into the inner and outer tubular 
sleeves comprises: 

injecting the fluidic material into an annular chamber above the expansion cone. 
.21. The method of claim 1 9, further comprising: 

conveying fluidic materials within the borehole displaced by the extension of the inner tubular 
sleeve to a location above tiie expansion cone. 

22. The method of claim 21, wherem conveying fluidic materials within the borehole displaced by 
the extension of the inner tubular sleeve above the expansion cone comprises: 

conveying fluidic materials within Ae borehole displaced by the extension of the inner tubular 
sleeve through an annular passage and one or more radial passages to the location 
above the expansion cone. 

23. The mefliod of claun 19, further comprising: 
depressuring the inner and outer tubular sleeves; 
decoupling the outer tubular sleeve and the wellbore casing; and 
collapsing the outer tubular sleeve onto the inner tubular sleeve. 

24. The method of claim 23, further comprising: 

injecting a fluidic material into the inner and outer tubular sleeves; 
coupling the outer tubular sleeve to the wellbore casing; 

extending the inner tubular sleeve out of ttie outer tubular sleeve into the wellbore casing to 
radially expand and plastically deform another portion of the wellbore casing. 

25. The method of claim 24, wherein injecting a fluidic material into the inner and outer tubular 
sleeves comprises: 

injecting the fluidic material into an annular chamber above the expansion cone. 

26. The method of claim 24, further comprising: 

conveying fluidic materials Avithin the borehole displaced by the extension of the inner tubular 
sleeve to a location above the expansion cone. 

27. The method of claim 26, wherein conveying fluidic materials within the borehole displaced by 
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the extension of the inner tubular sleeve above the expansion cone comprises: 

conveying fluidtc materials within the borehole displaced by the extension of the inner tubular 
sleeve through an annular passage and one or more radial passages to the location 
above the expansion cone. 

28. An apparatus for radially expanding and plastically deforming a wellbore casing positioned 
within a borehole that traverses a subterranean formation, comprising: 

means for positioning an outer tubular sleeve and an inner tubular sleeve comprising an 
expansion cone within the borehole, wherein the inner tubular sleeve is movably 
coupled to and at least partially housed within the outer tubular sleeve; 

means for injecting a fluidic material into the inner and outer tubular sleeves; 

means for coupling the outer tubular sleeve to the wellbore casing; and 

means for extending the inner tubular sleeve out of the outer tubular sleeve into the wellbore 
casing to radially expand and plastically deform a portion of the wellbore casing using 
the expansion cone. 

29. The apparatus of claim 28, wherein means for injecting a fluidic material into flie inner and 
outer tubular sleeves comprises: 

means for injecting the fluidic material into an annular chamber above the expansion cone. 

30. The apparatus of claim 28, iurther comprising: 

means for conveying fluidic materials within the borehole displaced by the extension of the 
inner tubular sleeve to a location above the expansion cone. 

31. The apparatus of claim 30, wherein means for conveying fluidic materials within the borehole 
displaced by the extension of the inner tubular sleeve above the expansion cone comprises: 

means for conveying fluidic materials within the borehole displaced by the extension of the 

inner tubular sleeve through an annular passage and one or more radial passages to the 
location above the expansion cone. 

32. The apparatus of claim 28, further comprising: 

means for depressuring the inner and outer tubular sleeves; 

means for decoupling the outer tubular sleeve and the wellbore casing; and 

means for collapsing the outer tubular sleeve onto the inner tubular sleeve. 

33. The apparatus of claim 32, further comprising: 

means for injecting a fluidic material into the inner and outer tubular sleeves; 
means for coupling the outer tubular sleeve to the wellbore casing; 

means for extending the inner tubular sleeve out of the outer tubular sleeve into the wellbore 
casing to radially expand and plastically defonn another portion of the wellbore 

casing. 

34. The apparatus of claim 33, wherein means for injecting a fluidic material into the inner and 
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outer tubular sleeves comprises: 

means for injecting the fluidic material into an annular chamber above the expansion cone. 

35. The apparatus of claim 33, further comprising: 

means for conveying fluidic materials within the borehole displaced by the extension of the 
inner tubular sleeve to a location above the expansion cone. 

36. The apparatus of claim 35, wherein means for conveying fluidic materials withm the borehole 
displaced by the extension of the inner tubular sleeve above the expansion cone comprises: 

means for conveying fluidic materials widiin the borehole displaced by the extension of the 

inner tubular sleeve dirough an annular passage and one or more radial passages to the 
location above the expansion cone. 
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(57) Abstract: A nmno diameter wellboie casing (14, 16). 



wo 2003/104601 MIEHPEE^ CL/^JR^. PCT/US2003/0I3787 

[received by the International Burejia on 27 July 2004 (27.07.04); 
original claims 1-36 replaced by amended claims 1-46 (9 pages)] 

What is claimed is; 

L A method of fomung a mono diameter wellbore casing within a borehole traverses a 

subterranean fonnatiDU, comprising: 
positioning a first wellbore casing within the borchok; 

radially ejqjanding and plastically defonning the first wellbore casing v/ithm the bonshole; 
positioning a second wellbore casing v/ithin the borehole in o i'crlapping relation to the first wellbore 
casing; 

radially expanding and plastically defonning the second wellbore casing within the borehole 
radially expanding and plastically defonning the overlapping poitions of the first and second wellbore 
casings; and 

radially esqianding and plastically defonning at least a portion of the second wellbore casing that does 

not overlap with file first wellboie casing; 
wherein the bside diameter of die poriion of the first wellbore casing that does not ovo'Iap with the 

seccmd wellbore casing is equal to the inside diameter of die radially expanded and plastically 

deformed portions of the second wellbore casing. 

2. The method of claim 1 , wherein radially expanding and plastically defoimmg the overlapping 
poitions of the first and second wellbore casings comprises: 

positioning a telescoping radial expansion device conoiprising an outer sleeve and on inner 

sleeve positioned within and movably coupled to the outer sleeve comprising a tubular 
expansion cone proximate the end of the second wellbore casing; and 

injecting a fluidic material into the telescoping radial expansion device to cause the outer 

sleeve to engage the first wellbore casing and cause fte inner sleeve to extend out of 
the outer sleeve into tiie overlapping poitions of die first and second wellbore casings 
to cause die tubular ejcpansion cone to radially expand and plastically defomi the 
overlapping portions of the first and second weUfaore casings. 

3. Ihe mediod of claim 2, finther comprising: 

conveying fluidic materials within the borehole that are displaced by the extensxon of tiic iimer 
sleeve to a locatian widiin the bc^dhole above the tubular expansion cone. 

4. The method of claim 2, wherein radially expanding and plastically defonning at least a poECtion 
of the second wellbore casing that does not overlap with the first wellbore casing comprises: 

reducing the operating pressure within the telescoping radial expansion device; 
moving the outer sleeve onto the inner sleeve of the telescoping radial expansion device; and 
injecting a fiuidic material into telescoping radial e:q}ansion device to cause the outer 
sleeve to engage at least one of the first and second wellbOTe casings and cause the 
iimer sleeve (o extend out of the outer sleeve into the second wellbore casing to cause 
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the tubular expansion cone to radially expand and plastically deform at least a portion 
of the second wetlbore casing. 

5. The method of claim 4, fuither comprising: 

conve^dng fluidic materials within the horehole that are displaced by the extension of the inner 
sleeve to a location wiAin the borehole abo^'e the tubular c^:pansion cone. 

6. Ad. Lippamtus for fonning a mono dirameter weUbore casing^ comprising; 
means for positioning a first v/ellbore casing 7,dfliin the borehole; 

means for radialt}' expanding and plastically deforming the first wellbore casing within the borehole; 
means &r positioning a second wellbore casing within the borehole in overlapping relation to the first 
weUbore casing; 

means for radially expanding and plasticaDy deforming the second wellbore casing witiiin the borehole; 
means for radially expanding and plastically defonning the overlapping portions of (he first and second 
wellbore casings; and 

means for radially expanding and plastically defonning at least a portioo of the second wellbore casing 

(hat does not overlap with the first wellbore casing; 
wherein the inside diameter of the portion of the first wellbore casing that does not overlap with the 

second wellbore casing is equal to the inside diameter of the radially expanded and plastically 

defonned portions of the second wellbore casing. 

7. The apparatus of claim wherein means for radially expanding and plastically deforming the 
overlapping portions of the first and second weUbore casings comprises: 

means for positioning a telescoping radial eTLpansion device comprising an outer sleeve and an 
inner sleeve positioned wi4iin and movably coupled to the outer sleeve con^rising a 
tubular expansion cone proximate the end of ttie second weltbcxe casing; and 

means for injecting a fluidic material into the telescopnig radial expansion device to cause ihe 
outer sleeve to engage the first wellbore casing and cause the inner sleeve to extend 
out of die outer sleeve into &e overlapping portions of ttie first and second wellbore 
casings to cause the tubular expansion cone to radially expand and plastically defbtm 
the overlapping portions of the first and second weltbore casings. 

8. The metfiod of claim 7, fiufher comprising: 

conveying fluidic materials within the borehole tiiat are displaced by the extension of the inner 
sleeve to a location within the borehole above fte tubular expansion cone. 

9. The apparatus of claim 7, wherein means for radially expanding and plastically deforming at 
least a portion of the second xvellbore casing that does not overlap with the first wellbore casing 
comprises: 

means for reducing the operating pressxiic within the telescoping radial expansion desice; 
means for moving the outer sleeve onto die inner sleeve of the telescoping radial expansion 
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device; and 

means for injecting a fluidic matoial into flie telescopmg radial expansion device to cause the 
outer sleeve to engage at least one of the first and second weilbote casings and cause 
the inner slee\'e to extend out of the outer slecxre into the second wellbore casing to 
cause the tubular e!;:pansion cone to radially erp^d and plastically defcnn at l^sasX a 
portion of the second wdlboro casing. 

10. The method of claim 9. njrihar comprising: 

conveying fluidic materials within tibe borehole that are displaced by the extension of the inner 
sleeve to a location v/ithin the borehole above the tubular expansion cone. 

11. An apparatus for radially expanding and plastically defonning a tubular member, comprising: 
a tubular adapter defining a longitudinal passage; 

a tubular outer sleeve coupled to ttie tubular ad^ter defining a loogitudiDal passage; 
a tubular hydraulic slip body coupled to the tubular outer sleeve defining a plurality of L- 

^bspcd bypass ports and a plurality of radial hydraulic sUp niountins passages; 
a plurality of l^raulic slips movably coupled and positioned within corresponding radial 

hydraulic slip mounting passages for engaging the tubular member; 
a tubular packer cup mandrel coupled to ttie tubular hydraulic slip body defining a longitudinal 

passage; 

a plurality of packer cups coupled to the tubular pack^ cup mandrel for sealingly engaging the 
tubular member; 

a tubular shoe positioned within and movably coupled to the tubular outer sleeve defining a 
longitudinal passage; 

a tubular inner mandrel positioned within and movably coupled to the tubular hydraulic slip 
body coupled to die tabular shoe defining a longitudinal passage and a plurality of 
radial bypass ports; 

a tubular expansion cone mandrel coupled to the tubular inner mandrel defining a longitudinal 
passage having a diroat passage for receiving a ball, an L-shaped bypass port, and a 
radial pressure port; 

a tubular expansion cone coupled to the tubular c3q>ansion cone including a tiered outer 
expansion surlbce for radially expanding and plastically defonning the tubular 
member; 

a tubular guide nose coupled to the tubular «q>ansion cone mandrel defining a longitudinal 

passage; 

a bypass tube positioned within the tubular inner mandrel coupled to the eTq^ansion cone 

mandrel and the tubular shoe defining a longitudinal passage; and 
an amiular longitudinal bypass passage defined between the tubular iimer mandrel and the 
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bypass tube. 

12. The apparatus of claim 11, wherein ihe longitudinal passages of ihe tubular adapter, bypass 
tube, and tubular expansion cone mandrel are fluidicly coupled. 

1 3. The apparatus of claim 1 1 , wherein the longitudinal passage of tiie tubular e?cpansioD cone 
mandrel is fluidicly coupled to ths radijL!! pressure port of Hhs tubular cprpansion cone mandrel. 

1 4 The apparatus of claim 1 1 , wherein ihe L-9haped bypass port of the tubular er^pansion cone 
mandrel is fluidicly coupled to (he annular longitudinal bypass passage, the radial b>pass passages of 
the tubular inner mandrel, the L-shaped bypass ports of the tubular hydraulic slip body, and the radial 
bypass ports of Qie tubular outer sleeve. 

15. An i^pparatus for radially cjqjanding and plastically defonning a tubular member, conqnising: 
a tubular support member defining a longitudinal passage; 

a tubular outer sleeve coupled to the tubular support mranber dejBnmg a longitudinal passage 

and a plurality of radial bypass ports; 
an hydraulic slip coupled to the tubular outer sleeve for controUably engaging die tubular 

member; 

one or more packer cups coupled to the tubular outer sleeve for sealingly engaging the tubular 
member; 

a tubular inner sleeve positioned within and movably coupled to the tubular outer sleeve 

defining a longitudinal passage, an annular longitudinal bypass passage, and one at 
more radial bypass passages; and 

a tubular expansion cone coupled to the tabular inner sleeve defining a longitudinal passage 
having a throat passage for receiving a ball, an L-shaped bypass port, and a radial 
pressure port including an tapered outer expansion surfece for radially expanding and 
plastically deforming the tubular member. 

16. The qjparatus of claim 15, wherein the longitudinal passages of the tubular outer sleeve and 
the tubular expansion cone are fluidicly coupled. 

17. The apparatus of claim 15, wherein the longitudmal passage of the tubular expansion cone is 
fluidicly coupled to the radial pressure port of Ac tubular expansion cone. 

18. The apparatus of claim 15, wherein the L-shaped bypass port offte tubular expansion cone is 
fluidicly coupled to tfie annular longitudinal bypass passage and the radial bypass passages of the 
tubular inner sleeve, and the L^shaped bypass ports and fte radial bypass ports of the tubular outer 
sleeve. 

19. A method of radially expanding and plastically defonning a wellbore casing positioned within 
a borehole that traverses a subterranean formation^ comprising: 

positioning an outer tubular sleeve and an inner tubular sleeve conqjiising an expansion cone 
v/ithin the borehole^ wherein the inner tubular sleeve is movably coiq>led to and at 
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least paitially housed within the outer tubular sleev^ 
injecting a fluidic material into the inner and outer tubular sleeves; 
coupling the outer tubular sleeve to the wellbore casing; and 

extending the inner tubular sleeve out of the outer tubular sleeve into the wellbore casing to 
radially arpand and plastically deform a portion of the nvcllbore cssing using the 
e::cp3nsion cone. 

20. The method of claim 19, v^hercin injecting a fluidic material into the inner and outer tubular 
sleeves comprises: 

injecting the fluidic material into an annular chamber above the e^ansion cone. 

21. Hus method of claim 19, fiirther cojnprising: 

conveying fluidic materials within die borshole displaced by the extension of ttie inner tubular 
sleeve to a location above the expansion cone. 
2Z The method of claim 21, wherein conveying fluidic matoials within the borehole displaced by 
the eTctension of the inner tubular sleeve above the ex.pan$Lc»i cone coxnprises: 

conveying fluidic materials widiin the borehole displaced by the extension of the inner tubular 
sleeve ttirough an aimtdar passage and one or mom radial passages to the location 
above the expansion cone. 

23. The method of claim 1 9. further comprising: 
depressuring the inner and outer tubular sleeves; 
decoupling the outer tubular sleeve and the wellbcm; casing; and 
collapsing the outer tubular sleeve cnto the inner tubular sleeve. 

24. Hie method of claim 23, further comprising: 

injecting a fluidic material into die inner and outer tubulaf sleeve^ 
coupling the outer tubular sleeve to the wellbore casing 

extending the inner tubular sleeve out of the outer tubular sleeve into the wellbore casing to 
radially expand and plastically deform ano&er portion of the wellbore casing. 

25. The method of claim 24, wherein injecting a fluidic material into the inner and outer tubular 
sleeves comprises: 

injecting the fluidic material into an annular chamber above die expansion cone. 

26. The method of claim 24, forther comprismg: 

conveying fluidic materials wi^ the bord)ote displaced by the extension of die inner tubular 
sleeve to a location above the expansion cone. 

27. Tie method of claim 26, wherein conveying fluidic materials wiHiin the borehole displaced by 
die eiitension of the inner tubular sleeve above the e?;pansion cone comprises: 

convening fluidic materials within the borehole displaced by the extctision of the inner tubular 
sleeve through an armulor passage and one or more radial passages to the location 



AMENDED SHEET (ARTICLE 19) 



wo imwuumx 



6 



PCT/US2003/0I3787 



above the expansion ccme. 

28. An apparatus for radially expanding and plastically defoiming a weDbore casing positioned 
within a borehole that traverses a subterranean fonnation, comprising: 

means for positioning an outer tubular sleeve and an inner tubular sleeve comprising an 
expansion cone v/iOm the borehole, ivherein the inner tubular slec^.^ is movably 
coupltd to and ai least partially housed within the outer tubular slesvc; 

menns for injectins a fluidic material into the inner and outer tubula* sleeves; 

nieans for coupling the outer tubular sleeve to the wellbore casing; and 

means for extending the inner tubular sleeive out of the outer tubular sleeve into the wellbore 
casing to radially cKpand and plastically deform a portion of the wellbofe casmg using 
the expansion cone. 

29. The apparatus of claim 28, wherein means for injecting a fluidic material into the imjea- and 
outer tubular sleeves comprises: 

means for injecting the fluidic material into an annular chamber above fhe expansion cone. 

30. The apparatus of claim 28, fiulher cmnprising: 

means for conveying fluidic materials within the borehole displaced by the extension of the 
inner tubular sleeve to a location above the expansion cone. 

3 1 . The apparatus of clann 30, wherein means for conveying fluidic materials within the borehole 
displaced by the extension of ftie inner tubular sleeve above the expansion cone con^rises: 

means for conveying fluidic materials within the borehole displaced by the extension of the 

inner tubular sleeve through an annular passage and one or more radial passages to the 
location above the expansion cone. 

32. The apparatus of claim 28, further comprising: 

means for depressuring die inner and outer tubular sleeves; 

means for decoupling the outer tubular sleeve and tihe wellbore casing; and 

means for collapsing the outer tubular sleeve onto the inner tubular sleeve. 

33. The apparatus of claim 32, further oonqxrising: 

means for injecting a fluidic material into ttie inner and outer tubular sleeves; 

means for coupling tiie outer tubular sleeve to the wellbore casing; 

means for extending the bner tubular sleeve out of the outer tubular sleeve into the wellboie 

casing to radially expand and plastically defonn anodier portion of the weUbore 

casing. 

34. The ^paratus of claim 33, wherein means for injecting a fluidic material into the inner and 
outer tubular sleeves comprises: 

means for injecting the fluidic mat^al into an annular chamber above the expansion cone. 

35. The apparatus of claim 33, fiuthcr comprising: 



AMENDED SHEET (ARTICLE 19) 



wo 2003/104601 



PCT/llS2m»3/OI3787 



means for conveying fluidic materialB within the borehole displaced by fhe extension of the 
inner nabular sleeve to a location above the expansion cone. 
36. The apparatus of claim 35, wherein means for conveying fluidic materials withm tfic borehole 
displaced by the extension of tiie inner tubular sleeve above the expansion cone comprises: 

means for convejing fluidic materials within the borehole displaced by the extension of the 

mnsr tubular s]ecn/e through on annular passage and one or more radial passages to (h& 
locaticm above the eK.pansioa ccme. 
37. An apparatus for radially expanding and plastically deforming a tubular member^ 
compnsmg: 

a tubular ads^ter defining a longitudinal passage; 

a tubular outer sleeve coupled to fhe tubular adapter defining a lon^tudinal passage; 

a tubular hydraulic slip body coupled to the tubular outer sleeve defining a plurality of bypass 

ports and a plurality of radial hydraulic slip mounting passages^ 
a plurality of hydraulic slips movably coupled and positioned within corresponding radial 

hydraulic slip mounting passages for engaging the tubular member, 
a tubular packer cup mandrel coupled to the tubular hydraulic slip body defining a longitudinal 

passage; 

a plurality of packer cups coupled to flie tubular packer cup mandrel for sealingly engaging the 
tubular member; 

a tubular shoe positioned within and movably coupled to the tubular outer sleeve defining a 
longitudinal passage; 

a tubular inner mandrel positioned within and movably coupled to &e tubular hydraulic slip 
body coupled to the tubular shoe defining a Imgitudinal passage and a plurality of 
radial bypass ports; 

an expansion device mandrel coupled to ttie tubular itmer mandrel defining a longitudinal 
passage having a throat passage for receiving a ball, a bypass port, and a radial 
pressure pest; 

an expansion device coupled to the tubular expansion device mandrel including one or more 
tapered outer expansion sur&ces for radially expanding and plastically deforming the 
tubular member, 

a tubular guide nose coupled to die tubular expansion device mandrel defining a longitudinal 
passage; 

a bypass tube positioned within the tubular inner mandrel coupled to the expansion device 
mandrel and the tubular shoe defining a longitudinal passage; and 

an annular longitudinal bypass passage defined between the tubular inner mandrel and the 
bypass tube. 
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38. The apparatus of claim 37. wherein ttie longitudinal passages of the tubular adapter, 
bypass tube, and tubular expansion cone mandrel are fluidicly coupled. 

39. The apparatus of claim 37> wherein the longitudinal passage of tiic tubular expansion 
device mandrel is flmdicly coupled to (he radial pressure port of the tubular expansion 
device mandrel. 

40. The apparatus of claim 37, wherein tlie bypass port of the tubular eqjancion do-.nce 
mandrel is fluidicb/ coupled to the annular longitudinal b>pafls pasBagc, the radial 
bypass passages of the tubular inner mandrel, the bypass ports of die tabular lqr*a»lic 
slip body, and the radial bypass porta of the tubular outer slesvc. 

41 . An apparatus for radially escpanding and plastifcany defiarnring a tubular rocmbcr, 
comprising: 

a tubular support member defining a longitudinal passage; 

a tubular outer sleeve coupled to Ae tubular support member defining a longitudmal passage 

and a plurality of radial bypass ports; 
an hydraulic slip coiqiled to the tubular outer sleeve for controlbbly engaging Ae tubular 

member; 

one or more packer cups coupled to the tubular outer sleeve for seahngly engaging the tubular 
member; 

a tubular inner sleeve positioned within and movably coupled to the tubular outer sleeve 

defining a longitudinal passage, an annular longitudinal bypass passage, and one or 
more radial bypass passages; and 

a tubular expansion device coupled to tiie tubular iraier sleeve defining a longitudinal passage 
having a throat passage for recchdng a ball, a bypass port, and a radial pressure port 
including one or more tapered outer expansion sur&ces for radiall/ expanding and 
plastically deforming &e tubular member. 

42. The apparatus of claim 41, wherein the longitudinal passages of *e tubular outer 
sleeve and the tubular expansion device are fluidicly coined. 

43. The apparatus of claim 41. wberem the Icmgibidinal passage of tfic tubular expansion 
device is fluidicly coupled to the radial pressure port of the tubular expansion device. 

44. The apparatus of claim 41, wherein the bypass port of ttifi tubular expansion device is 
fluidicly coupled to fte annular longitudinal bypass passage and Ae radial bypass 
passages of the hjbular inner sleeve, and the bypass ports and the radial bypass ports of 
the tubular outer sleeve, 

45. An apparatus for radially e>:panding and plastically deforming a tubular member, 

comprising: 

a tubular adapter dcKtning a longitudinal passage; 
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a tubular outer sleeve coupled to tiie tubular adapter defining a longitudinal passage; 

a tubular hydraulic slip body coupled to the tubular outer sleeve defining a plurality of radial 

hydraulic slip mounting passages; 
a plurality of hydraulic slips movably coupled and positioned within corresponding radial 

hydraulic slip mounting pa?ssges for engaging the tubular xnemhtr, 
n tubular paclOT cup mnndrel coupkd to the tubular hydraulic slip bodj' defining a longitudinal 

passage 

a plurality of packer cups coupled to the tubular packer cup mandrel for sealingly engaging the 
tubular member; 

a tubular inno- mandrel positioned v.dthin and movably coupled to the tubular hydraulic si^> 
body coupled to the tubular shoe defining a longitudinal passage and a plurality of 
bypass ports; 

an expansion device mandrel coupled to the tubular inner mandrel defining a longitudinal 

passage, a bypass port, and a radial pressure pork; and 
an expansion device coupled to the tubular expansion device mandrel including one or more 

tapered outer expansion sur&ces for radially expanding and plastically deforming the 

tubular member. 

46. An apparatus for radially expandmg and plastically defoiming a tubular member, 
comprising: 

a tubular support member defining a longitudinal passage; 

a tubular outer sleeve coupled to die tubular si^port member defining a longitudinal passage 

and a plurality of radial bypass ports; 
an hydraulic slip coupled to the tubular outer sleeve for controUably engaging the tubular 

member; 

one or more packer cups coupled to the tubular outer sleeve for scalingly engaging die tubular 

member; 

a tubular inner sleeve positioned wifiiin and movably coupled to the tubular outer sleeve 

defining a longitudinal passage, an annular longitudinal bypass passage, and one or 
more radial bypass passages; and 

a tubular expansion device coupled to the tubular irmer sleeve defining a longitudinal passage 
having a throat passage for receiving a ball, a bypass port, and a radial pressure port 
including one or more tapered outer expansion surfaces for radially expanding and 
plastically deforming the tubular member. 
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